

















謝される．さらに，DOPAC は COMT により，また，

















Measurement of the concentrations of dopamine and its metabolites in PC12 cells and in 









（HPLC-FL）を用いて検出した．励起波長 225 nm- 蛍光波長 310 nm の測定波長を用いた場合，ドーパミン，3MT，
及び HVA を測定することができ，一方，セロトニン及びその代謝物の影響を抑えることができた．ヘキサナール










ある0.5 ㎎ /L Isoproterenol（ISO）を含む氷冷 2 M 過
塩素酸（Perchloric acid (PCA)）75 μL（試料の4分の1






　1mM モノアミン標準液は，それぞれ 1 mM のモノ
アミン及びその代謝物（L-DOPA，ノルアドレナリ
ン，アドレナリン，DOPAC，ドーパミン，5HIAA，
HVA，3MT，セロトニン）を 1 M PCA で溶解し作成
した．測定時に 1 mM モノアミン標準液を KRH を用
いて希釈し，モノアミン標準液の希釈系列を作成し
た．希釈したモノアミン標準液は，測定試料と同様に




フ ィ ー 装 置（High performance liquid chromatography 




て16％メタノール及び 190 mg/L オクタスルフォン酸
ナトリウムを含む 0.1 M クエン酸 - 酢酸緩衝液，分離
カラムは逆相カラム SC-5ODS（Ф2.1 mm x 150 mm，
Eicom Corporation, Japan）を用い，流速 0.2 mL/ 分で
分離した．1回の測定には測定試料 20 μL を用いた．
検出測定波長は，励起波長（Ex.）280 nm- 蛍光波長
（Em.）325 nm，Ex. 225 nm-Em. 310 nm，及び Ex. 285 
nm-Em. 315 nm を用いた．検出されたクロマトグラフ
の解析には，解析ソフト EZ Chrom Ver.3.1.8 bJ（Hitachi 
High-Technologies Corporation, Japan）を用いた．
5 ． タンパク質の定量




























3 ． PC12 細胞からの細胞外放出物及び細胞内容物の
調製
　PC12 細胞は，ポリエチレンイミンで処理をした24
穴プレートに DMEM-10％ HS-5％ FBS を用いて1～2




水（Phosphate buffered saline (PBS)）で一度洗浄した．
その後，PC12 細胞にクレブス緩衝液（Krebs-Ringer 
Hepes buffer (KRH)）300 μL を加え，37℃に10分間置
いた．各穴の細胞上清は，刺激前試料として回収し
た．その後，再度，4 mM ヘキサナール（n-hexanal 













かったが 10-1000 nM L-DOPA の範囲で濃度とピーク
面積比に比例の相関がみられた．
3 ． PC12 細胞から放出されるドーパミン量の測定



























分離後，Ex. 280 nm-Em. 325 nm，Ex. 225 nm-Em. 310 nm，






Ex. 285 nm-Em. 315 nm が最も高い最高ピーク値を示
し，Ex. 280 nm-Em. 325 nm で検出した場合は，Ex. 
285 nm-Em. 315 nm で検出した場合の約40％の最高




　ドーパミン及びその代謝物の濃度と Ex. 225 nm 及
び Em.  310 nm の測定波長を用いて検出されたピーク
面積比との関係を調べた．ピーク面積比は，ISO の
Fig. 1 Chromatogram of the monoamines and their metabolites 
detected with a fluorescence detector
The mixture of 100 nM monoamines and their metabolites was separated 
using HPLC, and they were detected with a fluorescence detector. Black 
line: Ex. 225 nm, Em. 310 nm; Gray line: Ex. 280 nm, Em. 325 nm; Solid 
line: Ex. 285 nm, Em. 315 nm
Ex.,  excitat ion wavelength;  Em.,  emission wavelength;  NA, 
noradrenaline; A, adrenaline; DOPAC, dihydroxyphenylacetic acid; DA, 
dopamine; 5HIAA, 5-hydroxyindole acetic acid; ISO, isoproterenol; HVA, 
homovanillic acid; 5HT, 5-hydroxytryptamine; 3MT, 3-methoxytyramine.
Fig.2 Relationship of monoamine concentration and the ratio of 
monoamine peak area to internal control peak area
Monoamine standard solutions were separated by HPLC and detected with 
a fluorescence detector. The wavelength for the detection of dopamine 
or its metabolites was set at Ex. 225 nm and Em. 310 nm. The ratio of 
the peak area was calculated as the ratio of the area of the monoamine 
or its metabolite to the area of isoproterenol (ISO). DA, dopamine 
(● ); 3MT, 3-methoxytyramine (○ ); HVA, homovanillic acid (■ ); 
DOPA, L-DOPA(□ ); DOPAC, dihydroxyphenylacetic acid (◆ ); NA, 
noradrenaline (▲ ); A, adrenaline (△ ). Data are represented as means 














ドーパミン及びドーパミン代謝物は，Ex. 285 nm-Em. 
315 nm，Ex. 280 nm-Em. 325 nm， 及 び，Ex. 225 nm-
Em. 310 nmの測定波長で検出感度は変わらなかった．
セロトニンおよびその代謝物は，Ex. 285 nm-Em. 315 






のエタノールのみを含む KRH 及び KRH の刺激では，








Fig. 4 Time course of dopamine and its metabolites released from 
PC12 cells after stimulation with n-hexanal
(A) Increment of extracellular dopamine after stimulation with n-hexanal. 
PC12 cells were stimulated by 4 mM n-hexanal (6AL, ● ) or 4 mM 
n-hexanol (6OL, ○ ) for each incubation time. Control cells were 
incubated in KRH with (■ ) or without (□ ) 1％ ethanol (EtOH) for 
10 min. (B) Concentration changes in dopamine (● ), HVA (■ ), and 
3MT (□ ) in extracellular fluid from PC12 cells that were stimulated by 
n-hexanal. The extracellular fluids from PC12 cells were harvested after 
incubation in 4 mM n-hexanal, including KRH, at each incubation time.
Data are represented as means±SE (n = 3 per group). Dunnett’s post 
hoc comparison was performed to analyze the variance. *; P < 0.05, 
significantly different from the samples incubated for 2 min; #, P < 0.05, 
significantly different from the samples treated with KRH for 10 min
Fig. 3 Chromatogram of the extracellular fluid from PC12 cells and 
the cell suspension of PC12 cells
Extracellular fluids from PC12 cells were harvested as prestimulation 
samples after incubation in 300 μL of Krebs-Ringer-HEPES (KRH) buffer 
for 10 min (A). PC12 cells were stimulated by KRH, including 4 mM 
hexanal, for 5 min. The extracellular fluid from each well was harvested 
as the stimulation sample (B). The cells treated with 4 mM hexanal were 
suspended in 300 μL of KRH and sonicated. These samples were used as 
cell samples (C). Closed arrows indicate the dopamine peak. Open arrows 
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ドーパミン 1.030±0.009，DOPAC 0.128±0.002，HVA 
0.354±0.010，3MT 2.468±0.1038（n=6，平均± SE）
であるのに対し，ECD 法を用いた場合は，ドーパミ
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Measurement of the concentrations of dopamine and its metabolites in PC12 cells and in 
extracellular fluid by detection of native fluorescence
Yoko Kobayashi
Abstract
　Rat pheochromocytoma (PC12) cells synthesize and release neurotransmitters such as dopamine and noradrenaline. 
Dopamine, which is synthesized from L-tyrosine in cells, is metabolized to dihydroxyphenylacetic acid (DOPAC), 
3-methoxytyramine (3MT), and homovanillic acid (HVA). Dopamine is known to show native fluorescence. In this study, 
we aimed to establish a method to measure the concentrations of dopamine and its metabolites in PC12 cells by using high 
performance liquid chromatography coupled with a fluorescence detector (HPLC-FL).
　First, several concentration of monoamine standard solutions, including that of dopamine, serotonin, and their metabolites, 
were separated and detected by HPLC-FL. The concentrations of dopamine, 3MT, and HVA were measured with a fluorescence 
detector set at an excitation wavelength of 225 nm and emission wavelength of 310 nm. However, the sensitivity of DOPAC 
detection was low. n-Hexanal (hexanal), a straight aldehyde with a 6-carbon chain length, is known to stimulate dopamine 
release from PC12 cells. Therefore, the concentrations of dopamine and its metabolites in samples from PC12 cells stimulated 
by hexanal were measured using HPLC-FL. We observed that PC12 cells released dopamine and that the concentrations of 
extracellular dopamine and 3MT were elevated after stimulation with hexanal. In future, we will attempt to elucidate the 
physiological significance of the dopamine released by hexanal by using this method.
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